Subarachnoid hemorrhage is an important cause of morbidity and mortality. Rebleeding is one of its major complications, which occurs mainly within the first 24 h and worsens the clinical outcome in a very dramatic way. It may be prevented by aneurysm treatment: surgical clipping or endovascular coiling. We review the evidence of and recent advances in endovascular treatment and timing of the intervention. Data supporting the benefit of early (<72 h) and ultra-early (<24 h) treatment is based on observational studies. An earlier approach may be relevant for the prevention of rebleeding and improvement of clinical outcome, but several disadvantages should be considered, such as an increased rate of periprocedural complications. Hence, a well-designed randomized controlled trial deems necessary to be able to define the optimal time of treatment. The possibility of treatment concomitant with the initial angiography should also be taken into account in this trial. This fact might represent a benefit favoring coiling over clipping in the prevention of rebleeding, and thus avoiding the inevitable delay necessary for the preparation for surgery.
The two main and fearful complications that can occur after SAH are rebleeding and vasospasm, which are, therefore, the target that the available treatments and investigations pursue. Rebleeding is prevented by aneurysm obliteration, thus excluding it from the arterial circulation. Today, this can be achieved either by surgical clipping or endovascular coiling.
Several studies, especially the International Subarachnoid Aneurysmal Trial (ISAT) [4] , support the efficacy and safety of endovascular treatment. However, whether the best approach is clipping or coiling, and in which specific settings, is still a matter open to discussion in current clinical practice and the related literature.
Furthermore, another historical controversy in the management of SAH has been the timing of aneurysm surgery. An early intervention reduces the risk of rebleeding, but surgical morbidity and vasospasm are more frequent in early than in late treatment.
The objective of this article is to review the current evidence regarding endovascular treatment and its early implementation. We will try to answer former questions regarding this relatively novel way of SAH management; for instance, we will discuss the optimal time period for coiling, if there is enough evidence to support early and ultra-early treatment, as well as the advantages and disadvantages of this approach.
Rebleeding and Timing of Treatment
Rebleeding worsens clinical outcome in a very dramatic way. This can be inferred from almost all studies, which have considered it as a major prognostic factor, with a mortality risk of up to 50-80% [5] .
In historical data, this complication occurred in 15% of patients within the 1st day, and in 40% of cases within the 1st month [6] . Nowadays, in spite of current treatments, rates probably range from 7 to 20% [7] [8] [9] , although these could be even higher due to the fact that in an important proportion of patients, diagnosis is overlooked because of previous hospital stays or initial worsening of the clinical situation [10] . Rebleeding is more frequent in the earlier phase after SAH, presumably because of the instability of both the clot and the fibrin net obliterating the ruptured aneurysm immediately after SAH. Rebleeding incidence peaks within the first 24 h, clustering especially in the first 3-6 h, in which up to 50-75% of cases of rebleeding occur. From 13.6 to 37.1% of early rebleeding happens prior to hospital admission [5, 10] . Therefore, overall, rebleeding occurs in the majority of cases during hospitalization, so improvement in the rates of this undesirable complication are of utmost importance.
Regarding the factors associated with a greater risk of rebleeding, different studies have found the clinical status on admission [5, 11] (measured by the Hunt and Hess scale), aneurysm size [5] and time to treatment as the main elements involved, together with sentinel headache [8] , initial loss of consciousness and systolic blood pressure higher than 160 mm Hg [10] . Other aspects, such as male gender [11] , age [9] , Fisher's scale or location of the aneurysm in the anterior communicating artery [11] , have not been reported in a consistent way across the different studies.
What Is the Evidence for Coiling?
Endovascular treatment of aneurysms was introduced in 1990 based on the ability to occlude aneurysms by coil devices. Since the ISAT was published in 2002 [4] , the endovascular approach has been performed increasingly. The ISAT was a multicenter and randomized clinical trial which compared surgical and endovascular treatments for SAH secondary to a ruptured aneurysm. A total of 2,143 patients were included: 1,070 in the surgical group and 1,073 in the endovascular group. Patients were selected based on the principle of uncertainty, i.e. only the patients in which the best treatment (clip or coil) was unknown were included, which resulted in the exclusion of 7,416 patients before randomization. The parameters evaluated were functional outcome at 3 and 12 months, rebleeding and mortality. The main results were that 24% of the patients in the coiling group were dependent or dead at the 12-month follow-up compared with 31% of the patients who underwent clipping. Mortality at 1 year was 8.1% in the endovascular group versus 10.1% in the surgical group. There were no significant differences in rebleeding rates (2.7 vs. 2.6%, respectively).
Only two additional randomized trials have been performed, and both of them were reviewed in a meta-analysis that included 2,272 patients, with only a few more than in the ISAT. The ISAT and the mentioned meta-analysis [12] concluded that in patients with good clinical status presenting with aneurysms amenable to endovascular and surgical treatment, coiling is associated with a better prognosis. The guidelines of clinical practice also support this approach [13] . Nonetheless, there is still a debate about the ISAT results, especially regarding their applicability in clinical practice, due to the fact that in this trial 88% of patients had a good clinical status (WFNS grades 1-2 of the World Federation of Neurological Societies) and in 92% of cases the aneurysm was less than 10 mm in size. Another criticism to coiling was the higher percentage of late retreatments (17.4 vs. 3.8%) during follow-up [14] . However, this did not affect the overall outcome, which remained favorable towards the endovascular group 7 years later [15] .
Recently, a subanalysis concerning the timing of the intervention in the ISAT population has been reported [16] . Here, 42.30% of patients were treated within the first 2 days, 22.88% in days 3-4, 22.50% in days 5-10 and 12.30% 10 days after the bleeding. Outcome and risk of delayed cerebral ischemia were similar in surgical and endovascular treatment groups (in each time period), although the risk of delayed ischemia was higher in the coiling group between days 5 and 10. A better outcome was achieved, again in both treatment groups, if the treatment was applied earlier, although several biases could be involved because the patients were not randomized according to the time of the intervention.
The former studies [4, 17] , which are summarized in table 1 , support the use of endovascular coiling. This treatment is effective in the prevention of rebleeding, improves clinical outcome and, at least in a group of patients, seems to be superior to surgical treatment. In these studies, treatment was performed mostly within the first 3 days. However, their designs do not allow to draw definitive conclusions about timing of treatment. 
Advantages and Disadvantages of Early Treatment
Since the 1980s, the optimal timing of surgery has been a matter of debate. Three intervention periods have been defined: early (<72 h from the hemorrhage), intermediate (3-10 days) and late (>10 days) interventions, and many observational studies have been published with different results. The International Cooperative Study on the Timing of Aneurysm Surgery, a randomized trial, included 3,521 patients during the years 1980-1983 [18] . Outcome was worse if surgery was performed in the intermediate period, but there were no differences in outcome between early and late interventions. The benefit obtained in the prevention of rebleeding was probably lost by a higher surgical risk in the early period. However, a subanalysis of this study [19] , other subsequent studies and a meta-analysis [20] supported early treatment; this was additionally favored because of the fact that neurocritical care was improved and the risks of early treatment were therefore reduced. In fact, nowadays, early treatment has been ascribed a class I/level B of evidence in the most recent guidelines [13] .
Regarding the timing of endovascular treatment, studies that have randomized patients to different treatment times have not been published to date. Thus, the data available are exclusively from observational studies.
Theoretically, there are some advantages that favor early treatment. Firstly, it is associated with a lower incidence of rebleeding and, therefore, should be linked to a better outcome. Moreover, a secured aneurysm would allow the application of aggressive treatment against several complications, such as vasospasm with 'triple H' therapy and hydrocephalus with external ventricular drainage (although this latter procedure has not been clearly associated with a higher risk of rebleeding) [9] .
However, some disadvantages should also be mentioned ( table 2 ) . The strategy to treat as soon as possible may be associated with treatments performed in suboptimal conditions, such as less-experienced personnel and fatigue [21] , increasing the possibility of periprocedural complications, but definitive confirmation is missing [22] ; consistent data are lacking, and this circumstance may depend on the organization of the assistance in each clinical setting. Another point to consider is the risk of vasospasm and ischemic injuries in the acute and intermediate phases. There are several studies (some of them contradictory and none of them randomized) that evaluated the incidence of vasospasm and delayed ischemic lesions [23] in patients who underwent endovascular and surgical treatments and, additionally, a meta-analysis reviewed this issue [24] . This latter report concluded that there were no differences in the incidence of vasospasm with respect to the elected procedure, either coiling or clipping, although a trend towards higher rates of vasospasm were observed with clipping [relative risk 1.2 (0.99-1.48)]. Considering the risk of vasospasm in surgical and endovascular treatment equivalents, the probability to induce or worsen this complication by treating the aneurysm would be maximal at 5-10 days. This is in agreement with the study by Baltsavias et al. [25] and the ISAT [4] . In fact, in the ISAT, endovascular treatment is associated with significantly more vasospasm than surgical treatment 5-10 days after the hemorrhage. Manipulating cerebral parenchyma, which is edematous in the acute phase, can entail a greater risk of injury. This effect is usually prevented when coiling is performed, as it avoids contact with the cerebral parenchyma, although it does not remove the hemorrhage. Whereas surgical removal of part of the hemorrhage could decrease the risk of vasospasm as well as the risk of delayed ischemic injury, the intra-arterial access itself and treatment might nevertheless play a role in vasospasm and induce the formation of intravascular thrombi due to the manipulation of the artery itself. However, due to the dismal prognosis associated with rebleeding and the possibility to treat the vasospasm in a more energetic way, including both medical and endovascular procedures, early treatment of ruptured aneurysms has been associated with a better outcome. This fact has been supported by previous studies on clipping and evaluated by some observational studies, which are summarized in table 3 . However, how early should this approach be performed? Most centers try to treat as early as possible, i.e. within the first 72 h, according to current guidelines. However, in recent years, the conception of 'ultra-early' treatment has emerged, i.e. to secure the aneurysm within the first 24 h, which is the period when most of the cases of rebleeding occur. Phillips et al. [26] analyzed the outcome of 459 consecutive patients admitted to a single center in the last 11 years; they compared patients treated within the first 24 h with those treated afterwards, mostly between days 1 and 3. At the end, 168 patients underwent coiling and 291 clipping. In the endovascular group, 96% of the patients in the ultra-early coiled group were independent at 6 months, versus 83% in the group of patients treated with coiling 24 h after the onset of symptoms, even though patients Good outcome, which was determined at 6 months (except for ISAT: 2 months), is defined as modified Rankin scale 0 -2, except for the study by Baltsavias et al. [25] , where good outcome is defined as modified Glasgow Outcome Score 1 -2 (equivalent to Glasgow Outcome Scale 4 -5). NS = Nonsignificant; NE = not evaluated.
in the ultra-early group had a poorer clinical status and a higher Fisher grade. This benefit was more obvious in the endovascular group than in the surgical group. Another study was performed by Gu et al. [27] in the elderly, obtaining also a better outcome in patients undergoing coiling during the 1st day.
Recently, Wong et al. [28] performed a post hoc analysis of the IMASH (Intravenous Magnesium Sulfate after Aneurysmal Subarachnoid Hemorrhage) trial. A total of 276 patients were treated, 148 within the first 24 h and 128 between 24 and 48 h; 51% of the patients were treated by coiling in the ultra-early group, and 41% in the second group. After adjustment for age and clinical status, an association between an ultra-early approach and a good outcome was found. The better outcome was found in the cognitive but not in the physical state, especially in the group with poor neurological conditions. This difference between patients with good and poor clinical condition may be explained by the difference in rebleeding rates in ultra-early versus delayed groups (12 vs. 22% in patients in poor conditions, and 2.3 vs. 1.1% in those in good clinical status).
As mentioned above, randomized data regarding timing of treatment are lacking. This means that several biases are possible when interpreting the previous studies. Firstly, they have been performed in tertiary centers, and, consequently, patients transferred from other centers may present with a poorer clinical status and may arrive later. This worse neurological status may delay the intervention. Also, patients who died prematurely may be excluded from the analysis. Moreover, the period of study is often long, and the exact time and period of treatment for each patient in each year is not specified. This may imply that patients from recent years could have been treated at earlier times, i.e. in the ultra-early period, whilst those who underwent the procedure 10 years ago would have been treated later on. So in the end, it would be as if historical controls were used instead of a proper case-control study, leading to its corresponding bias.
In spite of these limitations, the available data seem to confirm the safety and effectiveness of endovascular treatment in all time periods. We propose an algorithm of treatment including the variable time ( fig. 1 ). Patients admitted within the first 72 h from hemorrhage development should be treated immediately, if possible, due to the high risk of rebleeding. On the other hand, patients admitted after 72 h may be treated as soon as possible considering the risk of rebleeding, with the purpose to achieve optimal conditions during the intervention, but a treatment delay after day 10 does not seem to be justified [16, 29] . 
Concluding Remarks
During the past years, a significant reduction in SAH morbidity and mortality has been achieved [30] . This may probably be due to early securing and stabilization of the aneurysm, as well as considerable improvement in the setting of neurological critical care. Nevertheless, the number of patients treated in the period considered early is still low [31] . Rebleeding rates remain high, especially during the first 6 h, even in patients who received early treatment [10] .
It seems reasonable, therefore, to suggest that an even earlier treatment of the aneurysm would result in a better prognosis. Following this idea, there have been several observational studies that have hypothesized benefits of ultra-early approaches. However, this would involve other complications, such as a greater risk of periprocedural unfavorable events, an increased need for retreatment and an increase in the number of patients transferred to different hospitals. Hence, a well-designed randomized controlled trial deems necessary to be able to define the optimal time of treatment, before 24 versus 24-72 h. Elaborating clinical trials using these two time periods as the variables to evaluate would probably be exempt from ethical controversies, because of their overall conception of early treatment, as they are both within the first 72 h. Endovascular treatment may be performed at the same time as the initial angiography, a fact that may be considered an important and practical advantage. However, on the other hand, this may lead to a longer overall duration of the procedure, which may be associated with a greater risk of subsequent complications, such as thrombus formation and vasospasm. Therefore, this issue should also be taken into account, and two subgroups of patients should be distinguished: those treated during the diagnostic arteriography itself and those treated in a second phase. Similarly, variables such as duration of the procedure, and location and complexity of the aneurysm should also be pointed out.
If we turn now to those patients with a poor or very poor clinical condition (WFNS grades 4-5 and Hunt and Hess grades 4-5), there is very little evidence to support the treatment [32] . Because these patients have a greater risk of rebleeding and other complications, an ultraearly approach would, presumably, be of benefit. However, because of the particular clinical conditions of this specific group, combined with the fact that they usually need other complementary treatments such as decompressive craniectomy or hematoma evacuation, an independent randomized clinical trial would be warranted and preferable.
In conclusion, there are sufficient data supporting the benefit of the early endovascular approach to SAH, although evidence is not based on randomized clinical trials. The timing of the procedure has important prognostic implications, and early treatment may be associated with lower morbidity and mortality, especially due to the prevention of rebleeding. Additionally, if the benefit of the ultra-early approach is established, endovascular treatment might again be favored, because it can be carried out concomitant with the initial angiography, as previously mentioned. This would avoid the required delay for preparation for surgery, a time that deems relevant and significant for the prevention of rebleeding and the improvement of overall prognosis.
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